We evaluated the healing rate, complications, and functional outcomes in 32 adult patients with very short metaphyseal fragments in fractures of the distal tibia treated with a polyaxial locking system. The average distance from the distal extent of the fracture to the tibial plafond was 11 mm. All fractures healed and the average time to union was 14 weeks. Six patients (19%) reported occasional local disturbance over the medial malleolus. There were two cases of postoperative superficial infections and evidence of delayed wound healing. Using the American Orthopaedic Foot and Ankle Society ankle score, the average functional score was 87.3 points (of 100 total possible points). Our results show the polyaxial locking plates, which offer more fixation versatility, may be a reasonable treatment option for distal tibia fractures with very short metaphyseal segments. Level of Evidence: Level IV, therapeutic study. See the Guidelines for Authors for a complete description of levels of evidence.
Introduction
The treatment of fractures of the distal tibia with or without intraarticular involvement is associated with high complication rates and provides a management challenge to orthopaedists [5, 23, 25] . The fixation options for a distal tibial fracture include hybrid external fixation, limited internal fixation with external fixation, traditional open reduction internal fixation (ORIF), minimally invasive plate osteosynthesis (MIPO), fine-wire fixation, or possibly intramedullary nailing [2, 4, 11, 28, 33] . Although new changes in intramedullary nail design have extended distal metaphyseal fractures amenable to this type of fixation, difficulties with reduction, distal propagation of the fracture, inadequate distal fixation, and potentially complex articular involvement can limit its applicability in some distal metaphyseal fractures [28] . External fixation of such injuries may be associated with a high incidence of complications with pin infection and loosening in as much as 50% of cases and malunion rates as much as 45% [32] . Encouraging results for closed reduction and percutaneous plating of distal tibial fractures have been reported using contoured dynamic compression plates [6, 19, 31] . Recently, there has been an increasing trend toward use of a locking plate for treatment of complex fractures of the distal part of the tibia [10, 17, 18, 23, 27] . This device allows the screws to lock to the plate, thereby creating a stable, fixed-angle device.
Compared with a conventional plate, a locking plate imparts a higher degree of stability and provides better protection against primary and secondary losses of reduction and minimization of bone contact [12, 20] . Although a monoaxial locking plate with the screw locked into the threaded hole at a predetermined angle allows multiple points of fixed-angle support, the fixed-trajectory Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved or waived approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. of the periarticular screws can make it difficult to ideally fix the infinite variety of fracture patterns seen in the distal tibia [13, 20] . The mechanical advantage of the polyaxial locking mechanism is the benefit of free choice of screw angle which allows screws to be placed in vital and strong bone in a wider variety of fracture patterns. However, to date, little has been published regarding treatment of fractures of the distal tibia with a polyaxial locking plate.
We reviewed a series of patients with very short metaphyseal segments in the distal tibia treated with polyaxial locking plates to document the bone union rate, complications, and functional outcomes using this technique. These results are compared with those achieved using a monoaxial locking plate to evaluate whether polyaxial locking plating can be recommended for treatment of fractures of the distal tibia.
Materials and Methods
From May 2006 to August 2007, 32 adult patients who sustained distal tibial fractures were treated with a polyaxial locking plate ( Fig. 1 ). Indications for fixation with a polyaxial locking plate were skeletal maturity, a fracture involving the distal 4.2 cm of the tibia, and an intraarticular or extraarticular fracture requiring coronal or sagittal plane stability and/or support of articular fragments. Ethical approval was obtained from the Institutional Review Board. All patients were treated by two senior surgeons (GH, ZZB). There were 23 male and nine female patients with an average age of 44 years (range, 19-64 years). The minimum followup was 6 months with an average followup of 12.1 months (range, 6-22 months). The average distance from the distal extent of the fracture to the tibial plafond was 11 mm (range, 0-42 mm). The right tibia was involved in 13 patients and the left in 19 patients. The mechanism of injury included motor vehicle accident (n = 15), fall (n = 13), hit by heavy metal (n = 3), and industrial accident (n = 1). All fractures involved the metaphyseal part of the distal tibia, and in 14 cases, the fracture extended distally into the ankle. According to the American Orthopaedic and Orthopaedic Trauma Association (AO/OTA) Classification [30] , there were seven 43A1, five 43A2, five 43A3, one 43B2, nine 43C1, three 43C2, and two 43C3 fractures. In the nine patients who had an open fracture, there were four Type I, four Type II, and one Type III according to the criteria of Gustilo and Anderson [15] . None required major soft tissue reconstruction or vascular repair. No bone grafting was used at the time of the initial procedure. Open fractures were treated with emergent débridement, irrigation, tetanus prophylaxis, and intravenous antibiotics.
Associated trauma occurred in nine patients. One patient with polytrauma presented with a closed head injury, thoracic contusion, closed ipsilateral acetabular and first and second metatarsal fractures, and traumatic ipsilateral sciatic nerve palsy. Four patients presented with contralateral tibia fractures. Three other patients presented with closed ipsilateral talar, calcaneal, and patellar and olecranon fractures, respectively, and one other patient had a closed head injury.
If primary osteosynthesis with a polyaxial locking plate was not suitable, the distal tibial fracture was managed with an external fixator, a temporary calcaneal traction with Braun's frame, or a plaster splint with elevation. Once the soft tissues were quiescent, definitive internal fixation of distal tibial fractures was performed. The waiting time from the day of injury until definitive internal fixation varied from 0 to 11 days. The average was 6.2 days. Twenty-one distal tibial fractures were treated with a MIPO technique and 11 were treated with a traditional ORIF technique with the technique determined at the discretion of the treating surgeon.
The polyaxial locking plate used was the Numelock II 1 Polyaxial Locking System (Stryker, Selzach, Switzerland). The screw holes of the polyaxial distal tibial plate are composed of polyaxial locking holes in the epiphyseal/ metaphyseal section and neutral holes in the diaphyseal portion. The anterior part of the distal plate consists of two polyaxial locking screw holes into which are inserted 4.5-mm polyaxial screws designed to control certain anterior or posterior bone fragments and provide subchondral support in comminuted articular fractures by virtue of their proximity to the articular surface ( Fig. 2) . These locking screws combined with other locking screws at the distal part of the plate can form multidirectional intersection fixation construction and provide very strong angular and axial stability for the distal tibia fracture, even for the very distal, comminuted fracture. Each polyaxial screw hole contains a threaded ring. As the conical threaded head of the screw engages with the corresponding threads in the ring, the ring in turn expands into the plate and creates the circumferential forces, securely locking the position of the screw at the chosen angle and direction. This polyaxial locking mechanism allows the surgeon to aim the screw at an optional trajectory within an approximately 30°cone of angulation.
A polyaxial locking plate osteosynthesis with the MIPO technique for the distal tibial fracture was performed with the patient placed in the supine position on a radiolucent operating table. Indirect and direct techniques of fracture reduction were used, depending on the nature and pattern of the fracture. Reduction techniques used included manual traction, an external fixator, and direct reduction with fracture reduction forceps inserted percutaneously. A gently, curving 3-cm incision was made over the medial malleolus, sparing the saphenous vein and nerve. Another 3-cm incision was made at the proximal Fractures of the Distal Tibia 833 end of the plate position. An extraperiosteal, subcutaneous tunnel then could be fashioned between the two incisions using blunt dissection. Care was taken to make this passage in one pass in the right orientation exactly, if necessary using C-arm control. A selected anatomic distal tibial polyaxial locking plate was inserted through the distal incision in a retrograde fashion and the end of the plate could be visualized adequately for insertion of the first three screws. Once the plate had been inserted into the passage, final adjustments to the plate could be made using C-arm control to ensure an exact meet to the bony contour, especially at the very distal tibia, with no tension in the overlying skin. Then assessment of the fracture reduction was performed again. This was achieved indirectly with the image intensifier to assess length and axial and rotational alignment. A locking screw or a conventional screw was used in the juxtaarticular segment, whereas a standard cortical screw closer to the fracture was used in the diaphyseal segment to pull the plate and bone together. At this stage, fracture alignment was reconfirmed before inserting any more screws. Subsequent screws were inserted close to either side of the fracture through stab incisions or the incisions already made for plate insertion. With fractures extending into the ankle, initial attention was paid to restoration of the articular surface continuity. These articular fragments were anatomically reduced either by percutaneous means, using fluoroscopy and pointed reduction forceps, or through a small anterior incision, arthrotomy, and direct reduction. Once articular reduction had been achieved, the articular fragments were stabilized with locking screws through screw holes at the anterior and distal parts of the plate, if necessary adding some cannulated screws. Additional screws might be used depending on the characteristics of the fracture. The associated fibular fracture was repaired to facilitate indirect reduction of the tibia fracture and provide additional stability unless it was believed fibular repair would place the soft tissue at an unacceptable risk. In 25 of 29 (86%) cases, the fibula was fixed and used to aid in indirect reduction of the tibia. For the patient treated with a traditional ORIF technique, an anteromedial approach was used for considerably displaced fractures after direct inspection and restoration of articular and metaphyseal segments. The polyaxial plate was placed at the medial point of the distal tibia. The directions of polyaxial locking screws were adjusted to obtain secure purchase in the short distal segments. The surgical incisions were irrigated and closed. Sterile dressings were applied and the limb was immobilized in a well-padded plaster splint with the ankle maintained in a neutral position. The drains were removed after 24 to 48 hours. A removable cast was exchanged and physiotherapy was started. Protected weightbearing was allowed only once signs of progress toward union were evident, usually at 6 weeks postoperatively. Full weightbearing was allowed after 10 to 12 weeks, depending on the radiographic signs of fracture healing. Patients were followed postoperatively until fracture healing was achieved. One independent observer (LCF) who was not involved in the clinical care of the patients performed a complete followup assessment. Union was assessed clinically and radiographically. The fracture was defined as clinically united when it was no longer tender. Radiographic union was defined as bridging trabeculation across the fracture line(s) on three of four cortices seen on anteroposterior and lateral views.
Clinical outcome was assessed at final followup using validated limb-specific measures established by Kitaoka et al. [22] . The American Orthopaedic Foot and Ankle Society (AOFAS) ankle score is the contemporary standard score in foot and ankle regional outcome measurement [8] . This scoring system classified the evaluated items into three major categories: pain, function, and alignment. In this scale, 50 points have been assigned to function, 40 points to pain, and 10 points to alignment. Each category is scored independently and an overall score can be calculated with high scores indicating better function. These scores are obtained from direct questioning and examination.
Statistical analysis was performed with the SPSS software package (SPSS Inc, Chicago, IL). An independent sample t test was used to determine differences in union time between fracture with the MIPO technique and with the ORIF technique and between open and closed fractures. A p value of 0.05 or less was considered significant.
Results
All fractures healed without the need for a second operative procedure. The average time to union for all fractures was 14 weeks (range, 10-20 weeks). The average healing time was 13 weeks (range, 10-18 weeks) for fractures using the MIPO technique and 15.6 weeks (range, 10-20 weeks; p = 0.0045) for fractures using the ORIF technique. Closed fractures healed on average in 13 weeks (range, 10-20 weeks) and open fractures in 15.8 weeks (range, 14-20 weeks; p = 0.013).
The final ranges of motion averaged 17°(range, 0°-30°) ankle dorsiflexion and 34°(range, 20°-46°) ankle plantar flexion. No fractures were malaligned on the postoperative radiographs. All fractures healed within acceptable limits of alignment (less than 5°varus, less than 10°valgus, less than 10°procurvatum/recurvatum).
There were 10 postoperative complications. Six patients (19%) reported occasional local disturbance over the medial malleolus. Four patients (12.5%) had the implant removed partially or completely. At latest followup, no other patients desired implant removal. Two superficial infections occurred in the immediate postoperative period in fractures in which the ORIF technique was used, one in an open fracture and another in a closed fracture. All of the infections resolved with a course of antibiotics for 10 days. No deep infection was noted in any of the 32 patients. The overall rate of infection was 6.7% (two of 32). Two patients had evidence of delayed wound healing. One patient with an AO Type C closed fracture had delayed wound healing of the fibular incision, which resolved with local wound care. Another patient, whose distal tibia fracture was treated with the ORIF technique, had delayed wound healing of the anterior incision which needed wound débridement and a fasciocutaneous rotation flap to cover the wound. All other soft tissue wounds healed uneventfully. There were no plate fractures. There was also no evidence of loss of fixation of any polyaxial screw.
Using the AOFAS ankle-hindfoot scale, the average functional score was 87.3 points (range, 72-98 points). The patient with the lowest score was a patient with polytrauma with an ipsilateral limb fracture and nerve lesion.
Discussion
Currently, locking plate osteosynthesis has become widely accepted for treatment of periarticular fractures [1, 3, 9, 14, 16, 17, 24, 27] . For relatively smaller distal tibia fracture fragments, especially with an average distance of 11 mm from the distal extent of the fracture to the tibial plafond in the current series, a monoaxial locking plate with fixedtrajectory locking screws sometimes may not provide anticipated fixation for the distal fragment [13, 20] . However, a polyaxial locking plate system with the ability to adjust locking screw trajectories can disperse multidirectional locking screws in the end segment and provide a larger volume for fixation to maximize periarticular fragment fixation, thus providing better pullout strength and angular stability around the small distal fragment in comparison to a monoaxial locking plate system with inappropriate alignment [20] . Moreover, the anterior and distal parts of the Numelock II 1 polyaxial locking plate offer additional ability to control certain anterior or posterior bone fragments and some coronal plane fractures (Fig. 3 ). This may be particularly difficult in the fixation of some coronal plane fractures for a monoaxial locking Fractures of the Distal Tibia 835 system needing other adjunctive implants such as cannulated screws, which in turn may become obstacles to the insertion of screws at a predetermined angle. Thus, polyaxial locking plate osteosynthesis seems to be a logical option for these injuries.
Our study had several limitations such as the retrospective nature, small sample size, and lack of control group making it difficult to draw a definitive conclusion. More than half of the fractures in the current series were simple types; thus, more complications may have occurred if more complicated fractures had been included. In addition, one possible concern with a polyaxial locking plate is the implant cost. The high cost of the polyaxial locking system will hinder its widespread acceptance. However, in some selected patients with very short fracture segments, the new technology may offer substantial potential benefits, including increased stability of segment fixation, decreased need for adjunctive implants, and improved early functional recovery. Additionally, the followup was relatively short and 14 of the 32 patients had fractures with articular involvement. Therefore, although union could be documented in all patients, a longer followup period would help quantify to what extent, if any, posttraumatic arthritis develops. A strength of our study is the data analyzed pertain to a specific type of injury with relatively smaller distal tibia fracture fragments.
Because the distal tibia is covered only by a very thin layer of soft tissue, precise anatomic contouring of a locking plate and good match between the plate and the distal part of the tibia are important to reduce prominence and soft tissue trauma. Two major local problems have been observed in patients with monoaxial locking plates for distal tibial fractures: skin irritation from wearing tall boots and pain over the medial malleolus, both attributed to the monoaxial locking compression plate [10, 17, 18, 25] . For the polyaxial locking plate, it is not necessary to adjust the subcutaneous location of the plate to gain adequate fixation of very distal fractures or to avoid impingement between these locking screws and those inserted for articular reconstruction; therefore, a perfect match between the plate and the distal part of the tibia can be achieved, which in turn may further reduce tension in the soft tissue. With MIPO (nonlocking or monoaxial locking plate) of the distal fractures of the tibia, 8% to 100% of patients reported discomfort around the medial tibia shin region, whereas 8% to 66% of patients needed hardware removal [5, 10, 17, 25] . Although the Numelock II 1 polyaxial locking plate is a little thicker than the monoaxial locking compression plate, soft tissue irritation and the need for removal of hardware were less frequent in our series, which may be attributed to this good match between the plate and the distal part of the tibia.
Even if technically more demanding and requiring higher exposure to radiation because of closed indirect reduction, MIPO may have a biologic advantage over classic ORIF, especially when dealing with critical soft tissue conditions. With monoaxial locking plate osteosynthesis for metaphyseal fractures of the distal tibia using a long conventional incision, 23.5% of the patients had severe soft tissue damage with exposed plates and all needed flap coverage owing to the choice of an inappropriate surgical exposure technique rather than to the features of the locking compression plate system [27] . Using the MIPO technique for management of fractures of the distal tibia, some studies had infection rates of 5% to 18% and a rate of delayed wound healing of 10% [10, 18, 25] . Our study, using the same technique with polyaxial locking plating, showed similar or better results. The fracture healing time was shorter in the MIPO technique group than in the ORIF technique group, which might be related to minimizing soft tissue trauma to the injured zone and preserving better blood supply around the fracture area [7] .
The functional results of the ankle seen in our study were mostly good according to a limb-specific assessment tool for the injured ankle [22] . Our results of a mean score of 87.3 points were comparable with the results of two recent series in which a nonlocking or monoaxial locking plate was used [10, 33] . Collinge et al. [10] showed patients with high-energy metaphyseal distal tibia fractures treated with MIPO had an average AOFAS foot and ankle score of 83 points. Sheerin et al. [33] performed staged treatment of high-energy distal tibia fractures with soft tissue injury and reported an average score of 81 points.
Caution should be taken to prevent or minimize complications. When using the Numelock II 1 polyaxial locking plate for treatment of fractures of the distal tibia, an image intensifier should be used intraoperatively to avoid prominence of the anterior part of the plate on the distal tibia at the anterior plane of the ankle to prevent ankle impingement. Malalignment has been recognized as a potential pitfall when using MIPO techniques because the bone is not directly visualized. With the MIPO technique and conventional or monoaxial locking plate osteosynthesis for fractures of the distal tibia, 7% to 35% of distal tibia fractures have been reported to have problems with malalignment [6, 19, 21, 23, 26, 29, 31] . In our series, no cases of postoperative malalignment were observed and no cases of postoperative stability failure were seen. We found careful intraoperative scrutiny of alignment was necessary to avoid malalignment during MIPO surgery. Furthermore, stabilization of the associated displaced fibula fractures facilitated not only indirect reduction of the distal tibia fracture, but also judgment of alignment [19] .
Our results show the polyaxial locking plate offering more fixation versatility can provide a high degree of angular and axial stability to very short articular segments and metaphyseal comminution, achieves high rates of fracture union, and has complication rates similar to those of fixed-trajectory locking plates. Therefore, polyaxial locking plating may be a reasonable treatment option for distal tibia fractures with very short metaphyseal segments.
